ABSTRACT-Susceptibility to enoxacin (80 mg/kg, p.o.)-induced convulsions was examined in mice coad ministered with fenbufen (100 mg/kg, p.o.) over 24 hr at 3-hr intervals (light 7:00-19:00 hr). There was a marked circadian variation in the incidence of clonic and tonic convulsions and mortality. The susceptibility to enoxacin was higher around 15:00-18:00 hr and lower around 3:00-9:00 hr; the 50% clonic convulsive dose (CD50) at 9:00 and 15:00 hr was 95.0 and 56.5 mg/kg, respectively, its ratio being 1.64. Under these conditions, brain enoxacin level at 15:00 hr was increased 2.43-fold over that at 9:00 hr 30 min after enox acin administration. Thus, the change of brain enoxacin may contribute to one of the causes of the above circadian variation.
The quinolonecarboxylic acids (quinolones) have a broad antibacterial activity, but they are known to exhibit undesirable adverse reactions and drug interactions following their coadministration with other drugs (1) .
Quinolones are routinely coadministered with acidic non steroidal antiinflammatory drugs for the therapy of infec tious diseases with inflammation. Recently, convulsive seizures have been reported to occur after the coadminis tration of some quinolones and an acidic nonsteroidal antiinflammatory drug, fenbufen, in both humans (2) and experimental animals (3 5) , and the combination of enoxacin and fenbufen had high potency for producing convulsion (3 5) . The susceptibility to various chemical convulsants and that to audiogenic and kindled seizures were reported to vary during the light-dark cycle (6-10). However, there has been no report on circadian variations in quinolone induced convulsion when coadministered with acidic nonsteroidal antiinflammatory drugs. Furthermore, knowledge of any diurnal rhythmicity in the susceptibility to enoxacin may lead to more effective therapy and may help elucidate the mechanisms of this convulsion. The present study was designed to examine the influence of the timing of their administration on the development of convulsion in mice.
Enoxacin and fenbufen were purchased from Sigma Chemical Co. (St. Louis, MO, USA). Male ddy mice (6 to 7-weeks-old) were obtained from Japan SLC, Inc.
(Hamamatu). The mice were housed in a room controlled at 24C under a 12 hr/ 12 hr dark-light cycle (light 7:00 to 19:00 hr) for two weeks before initiating the experiments and allowed free access to food and water. Enoxacin and fenbufen were each suspended in 1.0016 sodium carboxy methylcellulose. Enoxacin (40, 60, 80 and 100 mg/kg, p.o.) was administered orally 5 min after fenbufen (100 mg/kg, p.o.), and the animals were put singly into plastic cages (15 x 10 x 13 cm) and observed for 180 min for the occurrence of clonic (typical clonic movements of limbs) and tonic (flexion and extension of hindlegs) convulsions. Animal survival was recorded within 24 hr after enoxacin. Enoxacin concentrations in the plasma and brain were determined by modifying the HPLC method of Davis et al. (11) . Comparisons of the mean values were made by analysis of variance followed by Duncan's multiple range test. Analysis for circadian variation was carried out by the x2 test. CD50 and LD50 were calculated by the probit method.
Since a high dose of quinolones alone was known to produce convulsions (4), we initially investigated whether enoxacin alone could produce convulsions. Mice orally administered enoxacin (5 g/kg) exhibited no convulsions at 9:00 and 15:00 hr. So, we examined the convulsions by concomitant administration of enoxacin with fenbufen in mice. When coadministered with fenbufen (100 mg/kg, p.o.), enoxacin (80 mg/kg, p.o.) produced clonic convul sions at 15 40 min after administration; thereafter, tonic convulsions occurred, leading to death. Meanwhile, sur viving mice showed no tonic convulsion, although they exhibited a decrease in locomotor activity. The influence of timing of coadministration of enoxacin (80 mg/kg, p.o.) and fenbufen (100 mg/kg, p.o.) on the incidence of clonic and tonic convulsion and mortality was investi gated. There was a circadian variation in the incidence of convulsive death induced by coadministration of enox acin with fenbufen in mice (Fig. 1, Z2= 14 .58, df = 7, P<0.05).
In this experiment, all of the mice that produced clonic convulsions proceeded to produce tonic convulsions, leading to death; therefore, all three indices were the same value at each time period. When the values at two time points were compared, a significant decrease in the incidence of convulsive death was found at 3:00 and 9:00 hr, compared to the other time points, except at 12:00, 0:00 and 6:00 hr (P < 0.01, 9:00 hr vs 15:00 and 18:00 hr; P < 0. 05, 9:00 hr vs 21:00 hr, 3:00 hr vs 15:00 and 18:00 hr). No differences were observed among the other time points. Fig. 1 . Circadian variation in convulsions induced by the co administration of enoxacin and fenbufen in mice. Enoxacin (80 mg/kg) was administered orally 5 min after fenbufen (100 mg/kg, p.o.) in mice. Ten mice were used for each time group. P<0.01, 9:00 hr vs 15:00 and 18:00 hr; P<0.05, 9:00 hr vs 21:00 hr, and 3:00 hr vs 15:00 and 18:00 hr. The comparison of the incidence of convulsions and mortality at two time points, 9:00 and 15:00 hr, was car ried out. As shown in Table 1 , the clonic CD50 value at 9:00 hr (95.0 mg/kg, 78.8 -154.7) was found to be sig nificantly higher than that at 15:00 hr (56.5 mg/kg, 47.4-64.3), its ratio at 9:00 vs 15:00 hr being 1.64. Simi lar results were also observed in the case of the LD50 value: 9:00 hr: 97.7 mg/kg (80.3 -169.6), 15:00 hr: 56.5 mg/kg (47. 4-64.3) , the ratio at 9:00 vs 15:00 hr: 1.67. Because all of mice that produced tonic convulsions died in this experiment, the CD50 values with regards to tonic convulsion were the same as the LD50 values. However, there was no difference in the latency up to either onset of clonic and tonic convulsion (data not shown) or death among enoxacin dosages used.
We next examined enoxacin concentrations in the plas ma and brain at 30 min after its administration (Table 2) . Plasma enoxacin level tended to decrease in the con comitant administration with fenbufen as compared with enoxacin alone, but such a tendency was not observed in brain enoxacin level. In the concomitant administration with fenbufen, there was no difference in plasma enoxacin level between at 9:00 hr and at 15:00 hr, whereas the brain enoxacin level at 15:00 hr was found to have increased 2.43-fold over the level at 9:00 hr. The increased enoxacin in brain may lead to the increased incidence of convulsion at 15:00 hr as compared to that at 9:00 hr, although brain fenbufen concentration was not determined and its pos sible involvement could not be evaluated. These findings suggest that the degree of enoxacin penetration into the brain may depend on the time of day. Therefore, the degree of penetration of enoxacin into the brain which veries with the time of day may contribute to the present circadian variation of convulsions.
As a possible mechanism for the enoxacin-induced convulsion when it is coadministered with fenbufen, the inhibitory effect of enoxacin on GABA binding to its receptors and the potentiation of fenbufen on the inhibi tory effect have been reported to be associated with the expression of convulsive seizures (12) . Thus, it may be possible that their suppressive potency in GABA binding to its receptors varies with the time of day and may thus be one of the underlying mechanisms involved in the present circadian variation. Thereafter, it is necessary to investigate whether their suppressive potency to GABA binding to its receptors may vary with the time of day. Gastrointestinal absorption of enoxacin tended to in crease at 15:00 hr as compared to 9:00 hr and to decrease by concomitant administration of fenbufen. In this regard, further research is necessary.
From the present results, attention should be paid to the effect of time of testing for the assessment of convul sive toxicity induced by the combination use of quino lones and acidic nonsteroidal antiinflammatory drugs in experimental animals. Furthermore, the present findings are likely to provide means to avoid the development of convulsive seizures as an adverse effect in the combination use of quinolones and acidic nonsteroidal antiinflamma tory drugs by changing the timing and dose in drug ad ministration. However, further investigations are needed to judge the validity of these findings in the clinical thera py, since the aim of antimicrobial therapy should be to maintain antibacterial concentrations of the quinolones at the site of infection during the dosing interval.
In conclusion, there was a circadian variation in the incidence of enoxacin-induced convulsion in mice coad ministered with fenbufen, and the susceptibility to enox acin was higher around 15:00-18:00 hr and lower around 3:00-9:00 hr. The change of enoxacin level in the brain may contribute to one of the causes of the present circa dian variation. 
